Certain bacteria are killed and rapidly lysed following exposure to the enzyme lysozyme. Lysozyme sensitivity resulting in extensive lysis occurs in a relatively restricted number of species: notably Micrococcus lysodeikticus, Sarcina lutea, and certain Bacillus spp. It was shown some years ago (Epstein and Chain, 1940; Meyer and Hahnel, 1946 ) that a mucopolysaccharide extractable from the cells of M. lysodeikticus could be depolymerized by the enzyme with liberation of reducing sugars. More recently, Salton (1952) has found that the isolated cell walls of M. lysodeikticus can be rapidly and completely dissolved by treatment with lysozyme. Tomesik and Guex-Holzer (1952) , working with a Bacillus sp, have given cytological evidence for the specific action of lysozyme on the bacterial cell wall. It appears, therefore, that lysozyme is a polysaccharase and that its action on susceptible bacteria consists of a specific destruction of the fabric of the cell wall. This interpretation is supported by recent chemical analyses (Salton, 1953) on the isolated cell walls of a number of bacteria; the walls of lysozyme sensitive organisms are closely similar in composition and markedly different from the walls of lysozyme resistant species. Hence the treatment of susceptible bacteria with lysozyme should constitute a method of unrivalled specificity and gentleness for the isolation of the structural elements within the cells-a method which avoids the wholesale disorganization of cellular components which results from cell breakage by mechanical abrasion or sonic treatment.
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of remarkable stability by dissolving the cell wall with lysozyme under controlled conditions. In a following paper the materials released by disintegration of the protoplasts will be characterized.
In the experiments to be described Bacillus megaterium was used as biological material. Its cell wall is very similar in composition to that of M. lysodeikticus, and isolated walls are likewise completely diolved by lysozyme (Salton, personal communication) .
MATERIALS AND METHODS
B. mngaterium, strain KM (Northrop, 1951) , was used in all experiments. Stocks were maintained on peptone agar slants. Cultures for experimental work were grown, if not otherwise mentioned, in two per cent Difco peptone at 30 C with mechanical agitation, using Erlenmeyer or Fermbach flasks with a maximal depth of liquid of 25 mm. Growth was followed turbidimetrically in a Klett-Summerson colorimeter with a red filter (spectral range 640 to 700 m,u), and the cells were harvested when the optical density reached 200 (corresponding to a bacterial dry weight of 0.75 mg per ml). To determine complete bacterial growth curves, an Erlenmeyer flask with a side arm which fitted the colorimeter was used. The growth curve for B. megaterium under the described conditions is shown in figure 1 . Cells harvested during exponential growth and resuspended in phosphate buffer showed a marked tendency to undergo spontaneous lysis, a phenomenon not evidenced by cells in the phase of declining growth rate. Since spontaneous lysis would complicate studies on the effect of lysozyme, cells at the later stage of growth were used in most experiments.
After being harvested, cells were washed once with 0.03 M phosphate buffer (pH 7.0), resuspended in the same buffer, sometimes with the addition of other solutes as indicated below, and treated at room temperature with lysozyme (final concentration in most experiments 0. optical density of the suspension becomes stabilized at a value approximately 75 per cent of the initial value, indicating that a far less extensive lysis has occurred (figure 2, curve II). This is borne out by microscopic observations on the lysate which contains granulated, spherical bodies optically very similar in appearance to the intact rods and entirely unlike the "ghosts" resulting from lysis in buffer alone (figure 3c).
Continuous observation with phase contrast shows that at the onset of lysis in sucrose each rod (except a few cells which retain more or less completely their rod shape) becomes transformed into a chain of initially adherent spheres. As lysis proceeds, the individual spheres in such a chain become detached from one another, and a homogeneous dispersion is produced eventually. This represents the same course of events described by Tomcsik and Guex-Holzer (1952) with the exception that the spheres remain stable in the sucrose solution. After the spheres have been formed, dilution of the suspending medim causes them to undergo almost instantaneous lysis with formation of "ghosts" and granules similar to those formed by treating cells with lysozyme in the absence of sucrose. Robinow (1944) has shown by appropriate cytological methods that the vegetative units of B. megaterium are composed of short chains of approximately isodiametric cells, held together by their adjoining transverse cell walls. It appears, therefore, that lysis in sucrose causes a physical separation of the constituent cells in each vegetative unit (rod), brought about by the enzymatic dissolution of the common transverse septa which previously kept them adherent to one another. The optical properties of the liberated spheres suggest that dissolution of the wall has not been accompanied by marked changes in internal structure; their rapid lysis following dilution of the suspending medium shows that the maintenance of this stability is at least partly dependent on the maintenance of a high osmotic pressure in the external environment. The very far-reaching disintegration of the cell which results from lysozyme treatment in the absence of sucrose is thus in large measure a secondary phenomenon, occurring spontaneously after the cell has been stripped of its protecting wall by the action of the enzyme. In the following pages, the spherical bodies obtained by lysis in sucrose will be designated as "protoplasts".
In order to determine the numerical relation- General properties of the protoplasts. If kept in a stoppered tube, a suspension of protoplasts in sucrose shows little loss of turbidity over a period of 24 hours. Protoplasts can be sedimented by centrifugation (5 C) without destruction. As a rule they become unstable, however, when shaken with air and lyse under these conditions in less than an hour. This instability can be reduced greatly by evacuation or by the addition of cysteine to the suspension, which suggests that oxygen is probably responsible for the breakdown.
The protoplasts can be examined cytologically after appropriate fixation. Figure 4b shows a flagella stain, made by the method of Casares-Gil (Levenson, 1936) As yet, it has not been possible to observe growth of the protoplasts. Quite stable suspensions of protoplasts can sometimes be obtained by the addition of lysozyme to cultures grown in peptone broth containing 7.5 per cent of polyethylene glycol; but after treatment no increase in the tubidity of the cultures or the number of protoplasts could be detected. Some preliminary experiments (conducted in collaboration with Dr. James S. Murphy) indicate that the protoplasts have little or no capacity to absorb the C phage (Gratia, 1936) on November 12, 2017 by guest http://jb.asm.org/ Downloaded from of 1.25 ml of 1 M sucrose in order to obtain a protoplast suspension. The last suspension was reacted with lysozyme in completely filled and stoppered test tubes in order to prevent as far as possible destruction of the protoplasts by exposure to air. After the lysozyme reactions had reached completion, all four preparations were centrifuged at 3,000 rpm for 10 minutes. After suitable dilution, the ultraviolet absorption spectra of the cell-free supernatant liquids were determined, and duplicate samples were evaporated to dryness at 90 C in order to determine their dry weights Vessel I to IV: 2 ml bacterial suspension in 7.5 per cent polyethylene glycol + 0.03 M phosphate buffer (polyethylene glycol does not affect the oxygen uptake of B. megaterium). Vessel V and VI: suspension in buffer alone. 0.04 ml 2.5 per cent lysozyme was tipped in vessels III to VI; 10 minutes later, when controls showed that the enzyme reaction had reached completion, glucose was tipped in vessels II, IV, and VI. Readings were taken over a period of 40 minutes. Figure 6 shows the ultraviolet absorption spectra of the supernatant liquids. All values were adjusted for nonspecific light scattering (Weibull, 1948) . The numerical values for optical density represent in each case the optical density for a supernatant derived from a bacterial suspension with an initial dry weight of one mg per ml and are thus quantitatively comparable. It can be seen that the amount of the ultraviolet absorbing material liberated from the untreated control (II) is almost identical with that liberated from the cells treated with lysozyme in the presence of sucrose (I; this curve has been corrected for the amount of lysozyme present), and in both cases almost negligible.
On the other hand, boiling results in the liberation of a very substantial amount of ultraviolet absorbing material (III), and treatment with lysozyme in the absence of sucrose has an even more pronounced effect. These observations can be interpreted as follows. Boiling a cell suspension is known to destroy the permeability barriers of the cell (Salton, 1951) merization of the cell wall, without appreciably affecting other parts of the cell.
The supernatant from the cells treated with lysozyme in the presence of sucrose was investigated in the analytical ultracentrifuge. Large amounts of polydisperse material of a molecular weight of 10,000 to 20,000 were found. Similar material is found in experiments with pure cell wall preparations from B. megaterium after digestion with lysozyme (Salton, unpublished data) .
In table 3, the results of dry weight determinations on the supernatants from cells treated with lysozyme in the presence of sucrose and from the untreated controls are given. It can be seen from column 5 that about 20 per cent of the dry weight of the cells is removed by lysozyme, a figure which accords well with the estimation (Cooper et al., 1949) (Welshimer and Robinow, 1949; Kern et al., 1951; Tomcsik and Guex-Holzer 1952) . Although highly unstable in dilute salt solutions, the bacterial protoplasts preserve their structure in the presence of 0.1 to 0.2 M sucrose; consequently, if susceptible bacteria are treated with lysozyme in the presence of sucrose, secondary, nonenzymatic lysis of the protoplasts is prevented, and relatively stable suspensions of these structures can be obtained. Even in the presence of sucrose, the protoplasts disintegrate fairly rapidly when shaken in air; but provided that the access of oxygen is held to a minimum, sucrose suspensions of protoplasts show little change in appearance over periods of many hours, and the protoplasts may be isolated by centrifugation. Polyethylene glycol at a concentration of 7.5 per cent added to the suspending medium before lysozyme treatment will also preserve protoplasts.
Although immotile, protoplasts are still equipped with flagella, as shown both by staining and by electron microscopy. This observation confirms decisively the opinion that bacterial flagella have a protoplasmic origin and do not arise from the cell wall. Since lysozyme treatment in the presence of sucrose does not cause a liberation of appreciable amounts of ultraviolet absorbing materials from the cells, it seems probable that the permeability barriers of the protoplasts remain intact. Attempts to obtain growth of protoplasts after lysozyme treatment have so far proved unsuccessful. with lysozyme in dilute phosphate buffer, a far-reaching lysis occurs, and only two microscopically detectable structural elements remain: spherical, empty "ghosts" and granules. The granules probably consist of lipid material.
If lysozyme treatment is performed in sucrose solutions of appropriate concentrations, the bacterial cell wall is depolymerized, but the rest of the cell remains as an intact structural unit, the protoplast. These protoplasts can be lysed by dilution of the solute, giving rise to the ghosts and granules obtained by lysis in phosphate buffer alone.
Flagella are still attached to the protoplasts, an observation which confirms the protoplasmic origin of these organelles.
